Background: The study estimated the excess mortality after long-term sickness absence (LTSA), and identified socio-demographic and diagnostic risk factors of death. Methods: Prospective cohort study during 1994-2003 in a Norwegian county with 256 654 inhabitants aged 16-62 years. A representative sample of 3386 persons with a spell of sickness absence >8 weeks was compared with the total county population with respect to all cause mortality. Comparative mortality figures (CMF) for the total sample and standardized mortality rates for diagnostic groups were calculated. Results: The CMFs were 1.5 (95% CI 1.1-1.9) for the female and 2.0 (95% CI 1.7-2.4) for the male sample. Among women, persons' sickness certified with cancer contributed with 43% of all deaths and standardized mortality ratios (SMR) was 16.1 (11.2-23.2). The respective figure for the men was 27% and SMR was 8.0 (5.7-11.1). SMR for men with mental diagnoses was 1.7 (95% CI 1.1-2.9) and for 'other' (respiratory, neurological, digestive) 1.8 (95% CI 1.3-2.7). Musculoskeletal cases had not elevated SMRs. Cox proportional hazard analysis with musculoskeletal cases as reference adjusted for age and income showed very high hazard ratios (HR) for cases with cancer diagnoses. Among the men, mental and 'other' diagnoses had also HR above unity. Conclusion: The study verified findings from Finland and the UK of excess mortality after LTSA, also when compared with the total population of the same age. Among women, cancer cases explained all the excess mortality, whereas other cases outside the musculoskeletal group also contributed among men.
Introduction

L
ong-term sickness absence (LTSA) is an important medical and socio-political challenge 1 which has been acknowledged as a powerful measure of ill health, perhaps even more than self-reported indicators.
2-4 Sickness absence is related to social, occupational and medical factors, [5] [6] [7] and the role of disease becomes more pronounced with increasing length of sick-leave spells.
2,3 However, little is known about the consequences of being on LTSA, 8 but transition to permanent incapacity is a frequent outcome. [9] [10] [11] [12] A new focus in sickness absence research has become LTSA as a predictor of future death, both all-cause 3 and causespecific mortality. 13 Only two previous studies have examined the association between certified sickness absence and subsequent mortality on an individual level. Those were occupational cohort studies from the public sector in the UK 3 and Finland 13 and showed an increased mortality among employees with high rates of medically certified sickness absence. The study from the Whitehall II cohort analysed the mortality between 1985 and 1998, 3 whereas the study from the 10-towns cohort in Finland had mortality data from 1995-2001. 13 In addition, one recent study compared levels of sickness absence with morbidity and mortality within local government districts of England and Wales. 14 There is still a lack of explanations for the findings in those studies, and results might vary between countries with different legislations, and different levels of sickness absence. While women generally have a higher incidence of LTSA, [15] [16] [17] the mortality risk is probably higher among men, partly reflecting higher mortality rates among middle-aged men in general.
However, at a more detailed level, the sick-leave diagnoses in LTSA has not been investigated as possible predictors of future mortality, since many researchers have no access to this information. 18 The aim of this study was to assess the mortality risk in a cohort on LTSA with a known sick-leave diagnosis, to compare this risk with that of the total population of the same age, and to identify socio-demographic and medical predictors of death among persons on LTSA.
Methods
The Norwegian sickness absence benefit scheme All employed and registered unemployed persons are covered. After 3 days, a sickness certificate is required. After 8 weeks, the certifying physician must complete an 'eight-week sickness absence certificate' including medical information and plans for rehabilitation.
Study samples
A population-based cohort study was carried out in the county of Hordaland, with $10% of the population of Norway. On 1 January 1994, 106 674 men and 89 356 women in the county were eligible for sickness absence benefits. During two periods in 1994, all new 'eight-week sickness absence certificates' in the county (n = 4156) were collected by the NIS County Office and reviewed by one of the authors (PRR). Individuals >62 years, individuals receiving a partial disability pension, and sickness absentees with a pregnancy-related diagnosis (11.5% of the women) were excluded. After further exclusion of 155 cases due to lack of relevant information, the study sample comprised 3386 subjects, 1801 women and 1585 men. This sample has been described in a previous paper in EJPH. 12 
End point and mortality data
The dependent variable was all-cause mortality during 1994-2003. Data on deaths and emigration in the study sample were obtained from the National Insurance services (NIS). Census data for the population in Hordaland aged 16-62 on 1 January 1994 (256 654 persons) and deaths in 1994-2003 according to 5-year age groups were obtained from Statistics Norway.
Explanatory variables
Information regarding age, sex and the main sick-leave diagnosis, based on the Norwegian version of the International Classification of Primary Care (ICPC), were found in the 'eight-week sickness absence certificates'. Since the majority of sickness certificates in Norway are issued by GPs, the ICPC has been used by the NIS since 1990. 19, 20 The ICPC is organized in chapters corresponding to organ systems. Each chapter has sub-diagnoses for cancer, which were identified. In the analyses, the cases were categorized to one of the following five diagnostic groups: musculoskeletal, psychiatric, cardiovascular, cancer and 'other' including noncancer diagnoses from the respiratory, neurological, digestive, urogenital and gastrointestinal systems. The NIS supplied data on annual income before tax in 1993.
Follow-up
Each person in the study sample was followed from the date of 8 weeks' sickness absence (in 1994) until 31 December 2003. The follow-up period varied between 3285 days (9 years) and 3679 days for surviving cases not censored by emigration. The mean follow-up was 3237 days for the men and 3337 for women.
Standardized mortality rates
The mortality rate of the county population aged 16-62 at baseline was estimated based on 25% of the deaths in 1994 and all deaths in 1995-2003 based on 5-year age groups. The mortality rate of the study sample was directly age-adjusted to the total population, and comparative mortality figures (CMFs) with 95% CI were calculated for women and men. 21 Since several diagnostic subgroups had age groups with no deaths, standardized mortality ratios (SMRs) with 95% CI were calculated for musculoskeletal, mental, cardiovascular, cancer and 'other', separately for gender.
22,23
Survival analysis
Survival analysis within the study sample was performed with Cox proportional hazard analysis with censoring at emigration or end of follow-up. In order to identify the risk of death related to diagnostic groups, adjustment for age (model 1), and for age and income (model 2) was carried out. In this analysis mental, cardiovascular and 'other' were collapsed into one category. The hazard ratio (HR) with 95% CI was estimated for each variable. The variables were treated as categorical because of no obvious linearity. Analyses were carried out separately for genders.
Results
The distribution of explanatory variables in the study sample and deaths according to diagnosis and socio-demographic variables are shown in table 1 for women and men. The cohort consisted of 53% women, reflecting the higher rate of LTSA among women, even after the exclusion of pregnancy-related cases. The income distribution differed substantially: among the men, 13% earned less than NOK 100 000 per annum (approximately EURO 12 500) compared with 27% of the women, whereas 49% of the men and 17% of the women earned more than NOK 200 000. The majority among both genders had musculoskeletal diagnoses. Among the women 3% and among the men 4% were sickness certified with a main diagnosis indicating cancer.
By the end of 2003, 130 men (8.2%) and 67 women (3.7%) in the study sample had died. Among the subjects with a cancer diagnosis, 56.9% of the women and 55.6% of the men had died, making up 43% and 27% of the deaths, respectively. Table 2 presents the SMRs of the study cohort adjusted to the total county population aged 16-62 years in 1994. The mortality among the county population was 1.8 deaths per 1000 person years for women and 3.5 deaths per 1000 for men. Directly standardized to the county population, mortality rates in the study cohort were 2.7 (95% CI 2.1-3.4) per 1000 person years for women and 7.1 (95% CI 5.7-8.5) for men. CMF was, therefore, 1.5 (95% CI 1.1-1.9) for the female cohort and 2.0 (95% CI 1.7-2.4) for the male cohort. The male/female mortality rate ratio was thus 2.7 among the sickness absentees compared with 1.9 in the total county population.
SMRs were 1.6 (95% CI 1.2-2.0) for the women and 1.8 (95% CI 1.5-2.1) for the men. Men with mental and 'other' sick-leave diagnoses had significantly elevated SMRs and the same was the case for the whole non-cancer group (not reported in tables). Men sickness certified with musculoskeletal diagnoses had not elevated mortality. Among the women, no diagnostic group except for cancer had elevated SMRs, but several groups had very wide CIs, especially those with cardiovascular diagnoses. Men and women with a sick-leave diagnosis of cancer had SMRs of 8.0 and 16.1, respectively.
The results of Cox's proportional hazard analysis with the diagnosis as the main explanatory variable, adjusted for age in the first model, and for age and income in the second model, is presented in table 3 for women and men. The group diagnosed with cancer had a HR of 18.1 for men and 38.3 for women in the fully adjusted model. The group 'all other diagnoses' had an elevated HR among men, but not among women.
There was no trend effect of income on mortality risk (model 2). However, in the male sample the HR for the lowest income group was 2.0 (95% 1.2-3.3). Adjustment for income affected the HR for diagnoses and age only marginally.
Discussion
Main findings
The present study from Norway confirmed an elevated mortality risk after LTSA, with CMFs of 1.5 (1.1-1.9) for women and 2.0 (1.7-2.4) for men. However, the mortality risk varied considerably with gender, age and not least, with the sick-leave diagnosis. The small group long-term sickness certified with a cancer diagnosis, 3% of the women and 4% of the men, represented 43 and 27% of the deaths, respectively. The other diagnostic groups, with the exception of men with mental or 'other' diagnoses, had SMRs that did not differ from the total population of the same age and sex.
Age adjusted male/female mortality rate ratios was higher among the sickness absentees compared with the total 518 European Journal of Public Health Table 1 Descriptive statistics of the study sample, subjects on long-term sick sick-leave in 1994, N = 1801 women and 1585 men, and their mortality during 9 years follow-up Adjusted for age in model 1 and age + income in model 2 N = 1801 women and 1585 men on LTSA in 1994 N = 1801 women and 1585 men aged 16-62 years Indirect (SMR) and direct age standardization (CMF) compared with the mortality among the county population of the same age Mortality after sickness absence population. The reason for this is not clear, but it indicates that men on LTSA might be a special high-risk group, perhaps caused by a higher threshold for taking sick leave. Another explanation is the fact that a larger proportion of women were sickness certified with musculoskeletal diagnoses, which had the best prognosis. A relatively small group of 204 men with a very low income before inclusion (<100 000 NOK) had an increased mortality after adjustment for age and diagnosis. This might reflect a selection effect of health-determined income reduction and/or less access to effective medical treatment.
Previous studies have indicated that men sickness certified with a mental diagnosis often have a more serious prognosis regarding marginalization than men sickness absent with other diagnoses, and compared with women with mental sick-leave diagnoses. 12, 24 The elevated SMR for the men with mental sick-leave diagnoses fits this picture.
Strengths of the study
This study is the first analysis of mortality related to sickness absence with diagnosis-specific information at baseline. Since only doctor-certified absence has been associated with increased mortality, 3,13 it was not surprising that the content of the medical certificates had an important role. The study was population-based in a large Norwegian county. Mortality data for the whole population and for all exposed individuals (persons on LTSA) in the two inclusion periods were available. In principle, the study included all occupations and there were large samples of both genders. There was a long follow-up period, but no dropouts since all subjects were followed to endpoint or censoring, by means of reliable public registers (NIS, Statistics Norway). In 1998, Feeney and co-workers stated that lack of information on the 'medical reason' for sickness absence was an important obstacle in sickness absence research. 17 All cases had a main medical diagnosis attached, based on a uniform and well-known system (ICPC). Generally the validity of the diagnoses, which are not formulated as a part of a scientific investigation, may vary with different legislations and especially depending on the length of absence and level of confidentiality. [25] [26] [27] In a Swedish study, diagnoses on sickness certificates were checked against diagnoses in the medical files of the patients and a high accordance was found. 28 The present study was based on 'extended sickness certificates' issued at 8 weeks of absence, where the patient's ability to work had been assessed several times by the GP, and there was complete confidentiality towards employers.
Limitations
The main weakness of the study was the small number of deaths when cause-specific analyses were performed. This was especially pronounced among women where three deaths among cardiovascular and six deaths among the mental diagnostic group resulted in wide CIs. However, among women no diagnostic group other than cancer had elevated SMRs and when all non-cancer cases were combined, the SMR was 0.9 with a CI of 0.7-1.3. Among men, there were 15 deaths both in the cardiovascular and in the psychiatric group. The same problem was present for women in the Cox' regressions, but here mental, cardiovascular and 'other' were collapsed into one group.
Several studies, including studies from Norway, have demonstrated socioeconomic gradients in mortality. 28, 29 Of the socioeconomic variables, only income before tax in 1993 was available. Information on family income, occupational grade or other SES indicators were not available. Several ways of categorizing the income variable, as well as income as a continuous variable, were tested in the regressions, but did not show a significant effect on mortality, except for a small group among the men with very low income. A large proportion of Norwegian women work part time, and this makes it generally problematic to use the income variable as an SES indicator among women. 16 The study did not compare mortality rates among sickness absentees with the healthier section, of the employed population, as in the two previous studies.
3, 13 Instead, people on LTSA were compared with the total population of the same age, which also includes groups outside the labour market, like the unemployed and disability pensioners. This may explain why the majority of the long-term sickness absentees, men and women with musculoskeletal and cardiovascular sick-leave diagnoses, and women with mental sick-leave diagnoses, did not have increased SMRs.
Conclusions
LTSA is related to the health status and occurrence of diseases among the working population. Indeed, the present study confirmed previous findings of excess mortality after LTSA, also when compared with the total population of the same age. However, the mortality risk varied substantially according to diagnoses, and among women, the cases sickness certified with cancer explained all excess mortality. Among men, also those sickness certified with mental diagnoses and other cases outside the musculoskeletal group contributed, and should be considered at high risk for adverse health outcomes.
